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l.o Introduction 


1.1 Purpose 

The purpose of this document is to establish numerical values for 
a nominal natural environment for application in studies for advanced 
manned planetary missions to Venus and Mars. 

Compilation of the data in this document is to provide a standard 
environment so that various mission and preliminary design studies will 
all he based on realistic data and have a common basis for comparison 
of end results. 


1.2 Scope 

It is not anticipated that real hardware design would be based on 
this nominal environment, but with periodic revision as new data became 
available, this document would be sufficiently accurate and up-to-date 
to serve as a hardware design environment when the need becomes apparent. 

It must be realized that large uncertainties exist in many of the 
environmental parameters, but in those cases, where possible, "present 
best estimate" plus extreme lower and upper limit values are presented. 

The data for the natural environment have been broken into several 
sections to account fear a wide variety of environmental factors which 
may be needed for study requirements. Appropriate references are given 
for the various literature sources from which the information was ob- 
tained. In those cases where references are not given, the data were 
generated at the Manned Spacecraft Center. 


2.0 


Interplanetary Space 


Interplanetary space is defined as the spatial volume "between the 
planets and extends from the Sun to the outer limit of the solar system. 
This section concerns environmental parameters for interplanetary space 
from 0.5 to 1.75 astronomical units (A.U. ). 


2.1 Meteoroid Environment 
2.1.1 Model . - Flux-mass relation (unshielded): 

Cometary particles from 0.5 to 1.75 A.U. : 

Log 10 (N > m) = -1.34 l°g 10 m + 2.68 log 10 (0. 44/p) -14.18 (flux) 


Asteroidal particles: 

Log 10 (N > m) = -18.01 - log 10 m + 5.5OR 


Zodiacal light particles: 

Log 10 (N > m) = -10.27 -0.533 lo g 10 m ~ 2 - 0 1 o 6 io R 


where : 

N = number /m /sec 
m = mass, grams 

p = meteoroid density, grams/cur 
R = solar distance, A.U, 

Velocity: The velocity of incident meteoroids upon a spacecraft will 

vary with the velocity of the vehicle and the component of particle 
velocity relative to the direction of vehicular motion. For a vehicle 
in a near-circular orbit, the following approximation may be made: 

-l/2 

Average velocity = ^0 R ' 

Highest velocity = 72 R 
Lowest velocity = 12 R"^^ 

where: 


R = solar distance, A.U. 
V = km/sec 
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Zero-magnitude mass: 1.0 gram 


Average Meteoroid Density: 


Distance, R, A.U. 

Mass, m, gm 

Density, gm/cc 

0.4 

< 10' 6 

3° 5 


a 10' 6 

0.5 

1.0 

< 10“ 6 

3-5 


10 " g =*= 10 ° 

0.5 


> 10 ° 

3-5 

1.5 

< 10" 5 

3-5 


2 : 10-5 

3 . 5 , 90 ^ of flux 
7 . 8 , 10 < of flux 


2.1.2 Erosion rate .- Since definite data are lacking in this area, 
the following may he assumed as average values from 0.5 to 1.75 A.U.: 

Depth rate of meteoritic erosion (for A1 or Mg): 1.5 * 10 -1 ^ cm/sec 

— 1^5 2 

Corpuscular sputtering (for A1 or Mg): 2 X 10“ ^gm/cm -sec 

•* 1^5 2 

Material sublimation (for A1 or ^): ~ 10~ ^ gm/cm -sec 

2.2 Radiation Environment 

2.2.1 Galactic cosmic radiation (refs. 1 and 2) .- 

Composition: ~ 85 $ protons (h + ) 

~ Ik# alpha particles (He ++ ) 

— VjL nuclei of elements Li-Fe in approximate 
cosmic abundance 

Flux at sunspot minimum: 

2 

4 particles /cm -sec (isotropic) 

Integrated yearly rates: 

O p 

1.2 x 10 particles /cm 
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Flux at sunspot maximum: 

2 

1.5 particles /cm -sec (isotropic) 
Integrated yearly rates: 

T p 

5 X 10 particles/cm 

Energy range: 

~ 100 MeV to 10 19 eV 

9 ix 

predominate energy 10^ to 10 eV 


Integrated dosage: 


6 to 20 rads/yr 
~ 0.6 to ^ 2.2 millirads/hr 


2.2.2 Solar high energy particle radiation . - 


Composition: 

Predominantly of protons (h + ) 

Integrated yearly flux: 

Energy > 3 9 MeV = 3-5 x 10 ^ particles /cm 2 

8 p 

Energy > 100 MeV = 3 X 10 particles/cm 

2 

Average dosage with minimum shielding of 3 or 4 gm/cm : 

< 20 rad/yr 

< 2 millirads/hr 

This radiation environment applies for a solar distance of 1.0 A.U. 
The dispersion processes acting upon this environmental parameter have 
not been defined as yet, and therefore, do not allow an accurate descrip- 
tion of the radiation environment to "be given for solar distances near 
0.5 A.U. and 1.75 A.U. 
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2.2.3 Solar flares . - 

2. 2. 3-1 Probability of encountering solar flare protons: Proba- 

bility (p) of encountering more than N protons /cm 2 vith rigidity (P) 
greater than 0 . 235 BV for various mission length (Refer to the following 

table. ) Although the rate of change of the number of protons /cm 2 with 
solar distance is unknown, the tabulated values may be used for 0.5 to 
1.75 A.U. vith an accuracy of perhaps one order of magnitude. 


Mission 

Probability, p 





length. 

0.50 

0.10 

0.01 

0.001 

weeks 

2 

R, protons/cm 

2 

- 

5.0 X 10 7 

2.0 X 10 9 

1.7 X 10 10 

k 

- 

2.0 X 10 8 

4.5 x 10 9 

3.3 X 10 10 

8 

1.3 x 10 7 

7.2 X 10 ® 

9.0 x 10 9 

5.6 X 10 10 

12 

4.5 x 10 7 

1.3 X 10 9 

1.5 X 10 10 

8.0 x 10 10 

20 

1.5 X 10 8 

2.4 X 10 9 

2.2 X 10 10 

1.1 X 10 11 

50 

3.0 x 10 8 

3.9 X 10 9 

3.0 X 10 10 

1.4 x 10 11 

ho 

5-0 x 10 8 

5.0 x 10 9 

3.3 X 10 10 

1.5 x 10 11 

50 

7.0 x 10 8 

5-9 x 10 9 

3.5 x 10 10 

1.6 x 10 11 

60 

1.0 x 10 9 

6.2 x 10 9 

3.7 X 10 10 

1.6 x 10 11 

80 

1.6 x 10 9 

7.2 x 10 9 

3. 9 X 10 10 

1.7 x 10 11 

100 

2.0 X 10 9 

8.0 x 10 9 

4.0 x 10 10 

1.7 x 10 11 


2. 2. 3 . 2 Model time integrated spectral distribution: 


(>p) =N o exp (f 


where: 

2 

N - protons /cm having rigidity greater than P 

P = rigidity, or momentum per unit charge, in volts 

P Q = 8 X 10 ' volts = constant, a value typical for 
large events 
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P = 


( E + m o c2 ) - ( m o c2 ) 


0.235 BV 


vhere : 

E = proton energy in joules 

2 -10 
me = proton rest energy = 1.5 X 10 joules 

° , -19 

e = proton charge = 1.6 X 10 coulombs 

and 

N = constant, value of vhich changes vith flare size 
and is dependent upon P , mission length, and the 
probability level. 


2.3 Gas Properties 

2.3.1 Gas pressure (ref. 3) ." Gas pressure varies vith solar 

-10 2 

activity. Pressure at quiet solar conditions is < 10 dyne /cm at 

1.0 A.U. Gas pressure vill probably increase vith decreasing solar 
distance and decrease vith increasing solar distance. 

2.3.2 Gas density (ref. 3) .- Gas density varies vith solar activ- 

ity. A density of < 10" u gm/cc may be taken as an average value at 1.0 
A.U. Gas density vill probably increase vith decreasing solar distance 
and decrease vith increasing solar distance. Composition is primarily 

H and H + vith a trace of He. 

2.3*3 Kinetic gas temperature (refs. 3> and 5) .- At 1.0 A.U. , 

5 

the kinetic gas temperature is about 2 X 10 0 K. The mean free path of 

7 

gas particles is about 10 km. The kinetic gas temperature decreases vith 
increasing solar distance in a manner such that the temperature differ- 
ence from 0.5 to 1.75 A.U. is about 10^° K. 

The spatial heat sink is that of a radiant energy reservoir vith an 
effective radiating temperature of 4° to 6 ° K in all directions, vhich 
does not intercept volumes occupied by the sun or planets. 
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2.4 Magnetic Fields (Refs. 6 and 7) 

The principal magnetic field in the space from 0.5 to 1.75 A.U. 
(solar distance) is that of the sun as carried by the solar plasmas. The 
strength of the solar interplanetary magnetic field may range from 
0 to 100 gammas at 1.0 A. U. , averaging about 2 or 3 gammas. The 
strength of the field depends upon solar activity, vith maximum field 
strength at maximum solar activity. Mariner II indicated an increase to 
10 gammas upon nearing the orbit of Venus. Because there is a lack of 
definite data for 1.0 to 1.75 A.U. , an average magnetic field of 
< 3 gammas may be assumed. Fluctuations of one or two orders of magni- 
tude may occur, depending upon solar activity. 

2.5 Radiation Properties of the Sun (Thermal) 

2.5.1 Solar radiation (refs. 8 and 9 ) .- 
Solar constant at 1.0 A.U. : 

1400 watts /m^ 

2.00 cal/cm^/min 

Variation with distance from sun 

_p 

follows R relation, e.g. , 

p 

Solar constant in space = solar constant at 1 A.U. /R 


where: 

R - distance from sun, A.U. 


Variation of Solar Constant with Solar Distance 

Solar distance. 

Solar constant. 

Solar distance, 

Solar constant, 

A.U. 

0 

watts /m 

A.U. 

p 

watts /m 

0.5 

5600 

1.2 

972 

0.6 

3889 

1.3 

828 

0.7 

2857 

1.4 

714 

0.8 

2187 

1.5 

622 

0.9 

1728 

1.6 

547 

1.0 

1^00 

1.7 

484 

1.1 

1157 

1.73 

457 
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Light flux at 1.0 A. U. : 

2 

13. 7 lumens /cm 
12 728 foot -candles 

variation with solar distance follows 

-2 

R relation, e.g., 

Light flux in space = light flux at 1.0 A.U./R 2 


where: 


R = distance from sun, A.U. 

2. 5. .1.1 Visible and infrared radiation (ref. 10): 
Radiant energy distribution: 

approximated by that from a 6000° K black body 
Fraction of solar radiation: 

o 

above 7000 A = 52$ 

o 

above 4000 A = 93$ 


2. 5- 1.2 Ultraviolet and X-ray radiation (refs. 3, 8, and 10): 
Fraction of solar radiation: 

below 4000 A = 7# 
below 3000 A = 1# 
below 2000 A = 0.02# 
below 1000 A = 10”^# 

Principal line emission fluxes at 1.0 A.U. : 

Iyman Alpha H I (l2l6A), 60 X 10~ 8 watt/cm 2 
He II (304 A), 3 X 10” 8 watt/cm 2 

H I (1026 A), 2 x 10~ 8 watt/cm 2 

C III (977 A), 2 x 10“ 8 watt/cm 2 

Si II (1817 A), 2 X 10” 8 watt/cm 2 
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X-ray flux: 

20 to 100 A region, 6 x 10"® watt /cm 2 

q ^ "l r\ p 

8 to 20 A region, 2 X 10~ vat t/ cm 

2 to 8 A region, 5*5 x lO'^vatt/cm 2 

X-ray flux variation: During periods of solar activity, variations in 

the X-ray flux on the order of one or two magnitude increases may occur. 

_2 

Strength of line emission flux varies as R , e.g. , 

2 

Flux in snace = flux at 1.0 A.U. /R 


where: 


ft = solar distance, A.U. 

2. 5* 1*5 Solar radiation pressure (ref. 11): 

Pressure at 1.0 A.U. : 

for 100^ reflecting body = 9 X 10"^ dyne /cm 2 
for black body = k.5 X 10 J dyne/cm 

ftadiation pressure variation with solar distance follows the relation: 

P^. = S/c for black body 

P^ = 2S/c for 100$ reflecting body 

where: 

P^ = radiation pressure 

S - solar constant at specified solar distance 
c = speed of light 

2.5. l.^ Solar wind (ref. 7): 

Average density: 

0.5 A.U. = ~ 20 hydrogen atans/cc 
1.0 A.U. 5 hydrogen atoms/cc 

1.75 A.U. - ~ 2 hydrogen atoms/cc 
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Average flux: 

0.5 A.U. 
1.0 A.U. 
1.75 A.U. 


8 2 

= ~ 8 X 10 hydrogen atoms/crn /sec 

8 2 

= ~ 2 X 10 hydrogen atoms /cm /sec 

8 2 
= ~ 10 hydrogen atoms/cm /sec 


Average velocity of solar wind: 

from O .5 A.U. to 1.75 A.U. = 4^0 to ^>00 km/sec 


2.6 Solar Radio Noise (Ref. 10) 


Noise power flux = 


U. 


5 x lO"^ 1 ) (f) 
^2 


1.1 


watt s/m /cps 


where: 

f = frequency, cycles /sec (cps) 

R = distance from sun, A.U. 

Approximate noise power at 1.0 A.U. , quiet sun: 

_1Q 2 

10" y watt /m /cps at 1.0 cm wavelength to 
-» 22 2 

10" watt /m /cps at 400 cm wavelength 

During solar storms, noise power may increase 1 to 8 orders of 
magnitude. The variation with sunspots is greatest between wavelengths 
of 6 to 200 cm, with the spectral power showing a range of variation of 
4 orders of magnitude. 
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3-0 Near-Venus Space 

Near- Venus space is defined as the region between 180 km and 
20 000 km above the surface of Venus. 


3.1 Meteoroid Environment 

3.1.1 Model . - See paragraph 2.1.1. 

3.1.2 Erosion rate . - See paragraph 2.1.2. 

3 . 2 Radiation Environment 

3.2.1 Galactic cosmic radiation ." See paragraph 2.2.1. 

3.2.2 Solar high energy particle radiation . - See paragraph 2.2.2. 
Some enhancement of this radiation environment will probably occur at 
the orbit of Venus. 

3.2.3 Solar flares . - See paragraph 2.2.3* 


3-3 Gas Properties 

The following gas properties of near-Venus space were calculated 
on a theoretical basis in the determination of the mean Venus model 
atmosphere. Because of uncertainties in the atmospheric parameters, 
some variation in the values may occur. 

-2 2 

3.3.1 Gas pressure.- Gas pressure ranges from 10 dyne/cm at 

—10 2 

l80 km altitude to that of nearby space of 10 dyne /cm . Refer to the 
table in 3 * 3 • 3 • 

3.3*2 Gas density.- Gas density ranges from 10 ^gm/cc at 180 km 

l8 

to that of nearby space 10” gm/cc. Composition is primarily ionized 
gases of the decomposition products of the Venus atmosphere. Refer to 
the table in 3*3*3 

3 . 3*3 Kinetic gas temperature .- The kinetic gas temperature is 
373° K at 180 km altitude and will probably increase with increasing 
altitude “until merging with the interplanetary gas which is at a kinetic 

temperature of 2.h X 10^° K. Refer to the following table. 
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Gas Properties of the Venus Atmosphere 

Altitude, 

Pressure, 

Density, 

Temperature, 

km 

dyne / cm 2 

gm/cc 

°K 

180 

1.49 X 10“ 2 

1.54 x 10“ 11 

372.6 

250 

1.02 X 10" 4 

-ill 

7.39 X 10 

528.9 

300 

6.99 x io -6 

4.20 X 10“ 15 

. 640. 5 

350 

7.22 X 10“ 7 

4.36 X 10" 16 

752.2 

400 

1.63 X 10-7 

9.85 X IO" 17 

863.8 

500 

2.25 X 10“ 8 

1.36 X IO" 17 

1087. 1 

600 

6.6 x io -9 

3.98 X 10“ 18 

1310. 4 

800 

1.65 x io" 9 

9.98 x 10" 19 

1757.0 

1000 

8.18 x io -10 

4.94 X 10" 19 

2203.6 

Interplanetary 

< io"' 10 

-22 

- 10 ^ 

~ 2. 4 X 10 5 


3- 4 Magnetic Fields (Ref. 6) 

Planetary: Mariner II data indicate a planetary magnetic field con- 

siderably less than that of the Earth's. 

Solar: Estimates place the average magnetic field at about 10 gammas 

but varying constantly, depending on solar activity. 


3-5 Radiation Properties of the Sun and Venus 
5-5-1 Solar radiation . - See paragraph 2.3.1. 

3- 5- 1.1 Visible and infrared radiation: See paragraph 2.5* 1.1 

3 . 3- 1-2 Ultraviolet and X-ray radiation: See paragraph 2.5. 1.2. 

3- 5 .1.3 Solar radiation pressure: See paragraph 2. 5- 1.3 

3-5-1. 4 Solar vind: See paragraph 2. 5. 1.4. 

3-5-2 Planetary radiation .- The total radiation from Venus con- 
sists of the sum of thermal and albedo radiation from Venus and decreases 
vith the distance from the surface of Venus and position angle measured 
from the Venus- Sun line. 
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5 . 5 . 2.1 Thermal radiation (ref. 12): Thermal radiation varies 

o 2 b 

from ~ 238 watts /m at 20Q km to ~ 9 watts /m at ~ 2 x 10 km. Dark 

side radiation is same as above, although flux is subject to question 
because of the uncertainty in planet atmosphere and surface tempera- 
tures. Thermal radiation will consist predominantly of radiation frcm 
~ 2 to 10 microns wavelength. 

The thermal radiation flux may be found from the general equation: 

Q =s EA.I 

where: 

Q - thermal radiation flux upon vehicle 
F - view factor (varies with altitude above the planet 
and vehicle shape) 

A = cross sectional area of exposed spherical surface 
I = planetary thermal radiation flux 

Refer to the table in 3* 5* 2. 2. 

3. 5. 2. 2 Albedo radiation (ref. 12): Albedo radiation varies from 

~ 3 X 105 watts/m 2 at ~ 200 km to ~ 90 watts/m 2 at ~ 2 x 10^ km under 
maximum conditions (zero phase angle and normal to flux). Spectral 
distribution of albedo radiation is expected to approximate the solar 
spectrum. Albedo radiation will contribute ~ 9° percent of total rad- 
iation from planet upon spacecraft. 

Ho reliable determinations of the integrated albedo of Venus are 
available at present. Therefore, values appearing in this section were 
based upon the assumption that the integrated albedo is approximated by 
the visual albedo. The albedo radiation flux may be found from the 
general equation: 


Q = FASa 


■Where: 


Q = albedo radiation flux upon vehicle 
F = view factor 

A = cross sectional area of exposed spherical surface 
S = solar constant at the planet 
a = planetary albedo 

Refer to the following table. 
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Venus Thermal and Albedo Radiation 
Upon A Spherical Satellite 

Albedo = O.76 

2 

solar constant = 2670 watts/m ; 

Thermal radiation flux = 160 watts/m . 

Altitude, 

Thermal, 

Albedo, 

km 

watts /m 

watts/m 2 

200 

238 

3 000 

1*00 

208 

2 660 

600 

189 

2 1*00 

1 000 

152 

1 920 

1* 000 

67 

770 

8 000 

35 

354 

! 20 000 

9 

89 


3. 5. 2 . 3 Planetary albedo (ref. 13): The visual albedo of Venus 

is O.76. 

3.5.3 Planetary radiation belts (ref. 6") .- No definite data are 
available to date. However, the apparently small magnetic field of 
Venus would seem to preclude the existence of any significant radiation 
belts about the planet as compared to Earth. 


3.6 Solar Radio Noise (Ref. 10) 


See paragraph 2.6. 
crease about 9° percent 


The solar radio noise may be expected to in- 
from Earth to Venus. 
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4.0 Venus Atmosphere and Surface Conditions 




The atmosphere of Venus is defined as the region between the sur- 
face level and 200 km (lO ^gm/can^). 

4.1 Atmospheric Molecular Weight and Composition (Ref. 14) 

4.1.1 M ole cular we i ght . - 

Maximum Mean Minimum 

40. 0 32. 0 29- 6 

4.1.2 Composition by volume percentage .- 



Maximum 

Mean 

Minimum 

C0 2 

75 

25 

10 

K 2 

90 

75 

20 

°2 

1 

small 

0 

H 2 0 (mm) 

2.5 

1.5 

0.1 


4.2 Model Atmosphere Structure 

Three model atmospheres are presented in describing the structure 
of the Venus atmosphere. The values given are tabulated in terms of 
the particular model (upper, mean, and lower density models) and in 
terms of the maximum, mean, and minimum values for the quantities of 
interest. Thus, a consistent set of quantities for any one of the 
three model atmospheres may be obtained from the tables by following 
the "model" nomenclature, while the variation in a given quantity may 
be obtained by following the headings "maximum”, "mean”, and "minimum". 

The parameters used for construction of these model atmospheres 
are given in paragraphs 4.1 and 4.l4. 
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4.2.1 Atmospheric pressure . - 


Z, km 

Upper density 
model, 

max. , mb 

Mean density 
model, 

mean, mb 

Lower density 
model, 

min. , mb 

0 

k 

4.05 x 10 

4 

1.01 X 10 

5.07 x 10 5 

5 

3.31 x icr 

7.88 X 10 5 

5.57 X io 3 

10 

2.67 X 10 4 

6 .o 4 x 10 5 

2.46 x 10 5 

20 

1.68 X 10 4 

3.36 x 10 5 

1.06 X 10 5 

30 

9.94 x io 5 

1.69 X 10 5 

3.84 x 10 2 

40 

5.40 x 10^ 

7 . 4 o X 10 2 

1.05 x 10 2 

50 

2.61 X 10 5 

2.59 x 10 2 

1.74 x 10 1 

75 

1.50 x 10 2 

6. 98 

1.42 X 10 " 1 

100 

3.67 

1.77 x 10" 1 

1.65 X 10"5 

150 

5.56 x 10-5 

2.63 x 10“ U 

3.33 X 10“ 6 

200 

2.75 x 10 “ 5 

2.94 x 10" 6 

4.66 x 10“ 8 

500 

4.60 x 10 “ 8 

6.99 X 10- 9 

1.38 x 10“ 10 

400 

6.53 x lO " 10 

1.18 X 10” 10 

-12 

2.59 X 10 


4.2.2 Atmospheric temperature . - 


Z, km 

Upper density 
model, 

max . , *K 

Mean density 
model, 

mean, °K 

Lower density 
model, 

min. , °K 

0 

750.0 

700.0 

650.0 

5 

712.6 

659.7 

608.0 

10 

674.8 

619.O 

565.2 

20 

598.3 

556.4 

477.1 

30 

520.7 

452.1 

384.7 

40 

442.1 

366.1 

286.6 

50 

362.7 

278.6 

224.0 

75 

194.2 

225.2 

224.0 

100 

194.2 

225.2 

273-0 

150 

242.6 

305.6 

417.4 

200 

559-4 

417.3 

561.7 

500 

555-0 

640.5 

850.3 

400 

726.6 

863.8 

1139.0 
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4 . 2.3 Atmospheric density . - 


Z, km 

Upper density 
model, 

max. , gm/cm^ 


Lower density 
model, 

min. , gm/cm^ 


0 

1.92 x io“ 2 

5-57 x 10" 3 

3.75 X 10" 3 


5 

1.65 x 10 -2 

4.60 X 10" 5 

2.83 X 10 " 3 


10 

1 . 4 l x 10" 2 

3.76 X 10 -3 

2.09 x 10" 3 


20 

1.00 X 10" 2 

2 . 4 l x 10“ 5 

1.07 x 10" 5 


30 

6.80 X 10 "^ 

1.44 x 10 “ 5 

4.81 X 10 “^ 


1*0 

1*-. 35 X 10“ 5 

7.78 X 10 _1+ 

1.76 X xo~ h 


50 

2.56 X 10 -3 

3.59 X 10" 4 

3.73 X 10 " 3 


75 

2.75 X 10“^ 

1.19 X 10“ 5 

3.05 X 10" 7 


100 

6.73 X 10“ 6 

3.02 X 10 -7 

2.90 X 10“ 9 

| 

150 

5-22 X 10~ 9 

3.31 X 10" 10 

3.84 x io " 12 


200 

2.88 x 10“ 11 

2.71 x 10 “ 12 

3-99 x 10" 14 

! 

300 

3.07 X 10 ~ lh 

4.20 X 10-15 

7.78 x 10" 17 


400 

3.20 X 10 “ 16 

5.25 X 10“ 17 

1.09 x 10" 18 


4 . 2.4 Atmospheric mean free 

path. - 

i 


Lower density 

Mean density 

Upper density 


Z, km 

model. 

model. 

model. 



max. , cm 

mean, cm 

min. , cm 


0 

2.9 x 10 -6 

1.6 X 10" 6 

4.5 X 10" 7 


5 

3.5 X 10“ 6 

1.9 X 10" 6 

4.9 X 10“ ( 

! 

10 

4.7 x 10“^ 

2.3 X 10" 6 

5.7 x 10" 7 


20 

9.3 X 10" 6 

3.5 X 10"° 

8.0 x 10“ 7 

| 

50 

2.1 X 10 -3 

5. 9 x 10" 6 

1.2 X 10" 6 


4 o 

5.6 X 10 " 3 

1.1 x 10" 3 

1.8 x 10" 6 


50 

2.7 x 10 " U 

2.4 x 10~ 3 

3.1 x 10" 6 


75 

3-2 x 10 -2 

7.1 x l<r k 

2.9 X 10" 3 

' 

100 

3 -^ 

2.8 x 10“ 2 

1.2 X 10" 3 

1 

150 

2.6 X 10 3 

2.6 x 10 1 

1.5 


200 

2.5 X 10 3 

3.1 x 10 3 

2.8 x 10 2 


300 

1.3 x 10 8 

2.0 x 10 8 

2.6 x 10 3 


400 

9-1 x 10 9 

1.6 x 10 8 

2.5 x 10 7 
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4.2.5 Coefficient of viscosity .- 


Z, km 

Upper density 
model, 

max. , kg /m- sec 

Mean density 
model, 

mean, kg/m- sec 

Lower density 
model, 

min. , kg /m- sec 

0 

3.42 

X 

10-5 

3.19 

X 

10“ 5 

2.88 

X 

10-5 

5 

3.27 

X 

10“5 

3.03 

X 

10" 5 

2.70 

X 

10-5 

10 

3.12 

X 

10-5 

2.87 

X 

lO" 5 

2.52 

X 

lO" 5 

20 

2.83 

X 

lO" 5 

2.5^ 

X 

lO -5 

2.17 

X 

10"5 

30 

2-53 

X 

10“5 

2.22 

X 

10“5 

1.82 

X 

lO' 5 

40 

2.2k 

X 

10-5 

1.90 

X 

10-5 

1.46 

X 

10" 5 

50 

1.95 

X 

10“ 5 

1.58 

X 

10-5 

1.23 

X 

lO -5 

75 

1.30 

X 

10" 5 

1.38 

X 

10-5 

1.23 

X 

10“ 5 

100 

1.30 

X 

10-5 

1.38 

X 

10-5 

l.ui 

X 

10" 5 

150 

1.49 

X 

10-5 

1.68 

X 

10-5 

1.94 

X 

10“ 5 

200 

1.86 

X 

10-5 

2.09 

X 

10" 5 

2.51 

X 

10“ 5 

300 

2.58 

X 

10" 5 

2.95 

X 

10" 5 

3.82 

X 

10“ 5 

400 

h 2 L 

X 

10-5 

3.90 

X 

10-5 

3.46 

-X 

10" 5 


4.2.6 Atmospheric pressure scale height . - 


Z, km 

Upper density 
model, 

max. , km 

Mean density 
model, 

mean, km 

Lower density 
model, 

min. , km 

0 

25.31 

20.53 

14.78 

5 

24.08 

19.38 

13.85 

10 

22.84 

18.21 

12.90 

20 

20.32 

15.83 

10.92 

30 

17.74 

13.39 

8.84 

40 

15.II 

10.88 

6.61 

50 

12.44 

8.31 

5.18 

75 

6.71 

6.77 

5.22 

100 

6.77 

6.83 

6.42 

150 

8.59 

9.41 

9.98 

200 

12.20 

13.06 

13.65 

300 

19- 76 

20.70 

21.34 

400 

27-77 

28.80 

29.50 
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4.2.7 Atmospheric speed of sound . - 


Z, km 

Upper density 
model, 

max. , m/sec 

Mean density 
model, 

mean, m/sec 

Lower density 
model, 

min. , m/sec 

0 

543 

505 

435 

5 

529 

490 

421 

10 

515 

475 

406 

20 

485 

442 

373 

30 

U 52 

406 

335 

4o 

417 

365 

289 

50 

378 

318 

255 

75 

276 

286 

255 

100 

276 

286 

282 

150 

309 

333 

348 

200 

365 

390 

404 

300 

1+58 

485 

497 

400 

535 

561 

576 


4.2.8 Atmospheric number density .- 


Z, km 

Upper density 
model, 

max. , cm“^ 

Mean density 
model, 

-3 

mean, cm 

Lower density 
model, 

min. , cm - ''* 

0 

3. 9 X 10 20 

20 

1.3 X KT 

5-6 x 10 19 

5 

3.4 X 10 20 

8.7 X lO 1 ^ 

4.3 x 10 19 

10 

2.9 X 10 20 

T.l x 10 19 

3.1 X 10 19 

20 

2.0 X 10 20 

4.5 x 10 19 

1.6 x 10 19 

30 

1.4 x 10 20 

2 . 7 X 10 19 

7-2 x 10 18 

40 

8. 9 x 10 19 

1.5 x 10 19 

2.6 x 10 18 

5 ° 

5.2 x 10 19 

6.7 X 10 18 

5.6 x 10 17 

75 

5.6 x 10 18 

2.2 X 10 17 

4.6 x 10 15 

100 

1.4 x 10 17 

5.7 X 10 15 

4.4 x 10 15 

150 

l 4 

1.1 X 10 ±4 

6.2 X 10 12 

5.8 x 10 10 

200 

5.9 X 10 11 

5.1 X 10 10 

6.0 x 10 8 

300 

6.3 x 10 8 

7. 9 x 10 7 

1.2 x 10 6 

400 

6.5 x 10 6 

9. 9 x 10 5 

1.6 x I0 k 
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4 . 2.9 Atmospheric density scale height . - 


Z, km 

Upper density 
model, 

max. , km 

Mean density 
model, 

mean, km 

Lower density 
model, 

min. , km 

0 

33.81 

26. 83 

18.43 

5 

32.28 

25.42 

17.16 

10 

30.73 

23.98 

16.05 

20 

27.52 

21.01 

15.75 

30 

24.17 

17.90 

11.29 

40 

20.70 

14.65 

8.62 

50 

17. 11 

11.27 

5.18 

75 

6.71 

6.77 

5.22 

100 

6.77 

6.85 

6.01 

150 

8.04 

8.81 

9-55 

200 

11 . 4 l 

12.21 

12.75 

300 

18.44 

19.50 

19 . 89 

400 

25.86 

26.80 

27 . 45 
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4.3 Atmospheric Winds for Venus 

High surface winds are expected; they may "be heavily dust- laden. . 


4 . 4 Wind Shear 


No data. 


4*5 Clouds in the Atmosphere (pefs. 6, 15* and 16) 

4.5.1 Composition . - Estimates from various atmospheric models 
include vater vapor, ice crystals, dust, carbon suboxide polymers, or 
suspended hydrocarbons. 

4.5.2 Height of the clouds .- The top of the clouds is from 30 km 
to 65 km above the surface of the planet. 

4 . 5.3 Depth of the clouds .- The depth of the clouds is approxi- 
mately 10 to 15 km. 


4.6 Micrameteoroid Environment 

See paragraph 1.2 with the addition of the following: 

4.6.1 Survival mass .- The survival mass for micrometeoroids can 
be calculated as a function of height in the atmosphere by using the 
following approximate expression: 


where: 


/ A AP 

1/3 = p * 


2/3 v 2 


| o cos Z 


P a ah 


columnar mass (par. 4.2.10) 


A 

A 


-/ 


P a dh 


= zenith angle 
= density of micrometeroid 

(3-5 > P m > 0.5 gm/cm 5 ) 
velocity of micrometeoroid 

^orbital 

shape factor = 1. 2 for sphere 
-11.75 


(y +V >V>V ) 

^ parabolic orbital escape^ 


2 X 10 
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4. 7 Magnetic Field of Venus (Ref. 6) 

Mariner II indicates a planetary magnetic field considerably less 
than that of the Earth. Measurements of the rotational speed of Venus 
are consistent with this observation, since very weak magnetic fields 
■would be produced by speeds of rotation of 1 week to 225 days (Venus 
might even have retrograde rotation). 

4.8 Atmospheric Circulation (Ref. 17) 

The slew rotational speed will cause the atmospheric fluid to rise 
near the sub- solar point and subside near the antis olar point in a 
symmetrical regime. However, at higher altitudes, a symmetric regime 
similar to that of a rotating planet may be predominate (i.e., where 
ascent occurs near the equator and descent occurs near the poles). 


4.9 Ionosphere (Ref. 6) 

Although undetected by Mariner II, an ionosphere may be assumed to 
be present. It will differ from the Earth's by having little or no 
free oxygen. 


4.10 Albedo 


See paragraph 5.5*2. 5* 


4.11 Surface Features, Terrain, and Composition 
of the Surface (Refs. 15 and 17 ) 

4.11.1 Surface features .- No breaks large enough to see the surface 
have ever been seen in the clouds, so no observational data exist. How- 
ever, Mariner II detected a large region slightly cooler than the rest 

of the disc, which possibly represents the influence of a surface feature. 

4.11.2 Terrain and composition of the surface .- Though the surface 
has never been seen, it is generally agreed that it is probably dry, 
dusty, rocky, and windy. One of the explanations of the high surface 
temperature on the dark side of Venus is that the surface has a very 
high specific heat capacity. This has led to the conjecture that the 
surface consists of a layer of liquid hydrocarbons or a layer of hydro- 
carbons floating on an ocean of water. However, with surface tempera- 
tures near 700° K the surface is probably dry and dusty. 
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4.12 Planetary Satellites 
No satellites have teen detected. 


4.13 Surface Temperatures (Refs. 6 , l4, and 15 ) 

Measurements from the Earth indicate a surface temperature of 
about 600° K to 65 O 0 K. Mariner II yielded 700° K. The actual temper- 
ature is very likely 700 ° ± 5 °° K. 


4.l4 Construction Parameters for the Model Atmospheres 
(Refs. 6 , 14, 15, and 18) 


Quantity 

Upper 

density 

model 

Mean 

density 

model 

Lower 

density 

model 

Radius, 

acutal, km 

visible, km 

6235 

6300 

6045 

6100 

5955 

6000 

Acceleration (gravity) 




actual surface, cm /sec . . . 

832 

886 

914 

visible surface cm/sec 2 . . . 

815 

870 

900 

Carbon dioxide (V^) 

10 

25 

75 

Molecular weight 

29.6 

32.0 

40.0 

Surface temperature, °K . . . 

750 

700 

650 

Average temperature lapse rate 
in troposphere, °K/km . . . 

-7.84 

-8.49 

-9.27 

Tropopause height, km .... 

71 

56 

46 

Stratosphere temperature, 

°K 

194.2 

225.2 

224.0 

Thermosphere begins, km . . . 

126 

115 

83 

Thermosphere lapse rate, 

“K/ta 

1.94 

2.23 

2.89 


All three models were required to conform to the following -well- 
established data: 


Temperature at the top of the clouds, 234° K to 220° K 
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Pressure scale height at 60 km above the clouds, 6.8 ± 0.1 km 
Logarithmic derivative of pressure scale height — jp" 
at 60 km above the clouds, 0.010 ± 0.002 km” 1 
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5.0 Near-Mars Space 


Near-Mars space Is defined as the region "between 240 km and 
20 000 km above the surface of Mars, 

5.1 Meteoroid Environment 

5 . 1 . 1 Model . - See paragraph 2. 1. 1. 

5.1.2 Erosion rate .- See paragraph 2.1.2. 

5.2 Radiation Environment 

5 . 2. 1 Oalactic cosmic radiation . - See paragraph 2. 2. 1. 

5.2.2 Solar high energy particle radiation .- See paragraph 2.2.2. 
The flux and energy of this environmental parameter at the orbit of 
Mars will probably be reduced from that at the Earth. 

5.2.3 Solar flares .- See paragraph 2.2.3. 


5.3 Gas Properties 

The following gas properties of near-Mars space were calculated 
on a theoretical basis in the determination of the mean Mars model 
atmosphere. Because of uncertainties In the atmospheric parameters, 
some variation in the values may occur. 

—2 2 

5 . 3 .I Gas pressure .- Gas pressure varies from ~ 10” dyne / cm at 

-10 2 

240 km altitude to that of nearby space of < 10“ dyne/cm . Refer to 
the table in 5 * 3*3 

5*3*2 Gas density .- Gas density varies from ~ 10 " 11 gm/cc at 

240 km altitude to that of nearby space of < 10" gm/cc. Refer to 
the table in 5 * 5 * 3 * 

5 . 3.3 Kinetic gas temperature . - The kinetic gas temperature is 
~ 360 ° K at 240 km^ altitude and will probably Increase altitude until 
merging with the Interplanetary gas which Is at a kinetic temperature 

of ~ 1 . 9 X 10^° K. Refer to the following table. 
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Gas Properties of Near-Mars Space 

Altitude , 

Pre s sure , 

Density, 

Temperature, 

km 

dyne /cm 2 

gm / cc 

°K 

240 

1.08 X 10 “ 2 

1.08 x 10" 11 

360.0 

400 

3.04 X io " 4 

1.60 X 10" 15 

680.0 

600 

2.86 x io " 5 

9.47 X 10" 15 

1080.0 

1000 

2.46 x io “ 6 

1.64 x 10 " 16 

1880. 0 

1500 

1.29 X 10“^ 

7.95 X 10" 17 

2880.0 

2000 

8 . 4 l x 10" 7 

3.07 x 10“ 17 

3880.0 

2500 

4.96 X 10" 7 

4.69 X 10" 17 

3880.0 

5000 

3.25 X 10" 7 

3.07 X 10" 17 

3880.0 

4000 

1.68 x io " 7 

1.59 X 10" 17 

3880.0 

Interplanetary 

< 10" 10 

< 10 " 18 

~ 1. 9 X 10 5 


5-4 Magnetic Field (Refs. 7 and 19) 

Planetary: No definite data are available to date. The maximum 

equatorial magnetic intensity is estimated to he ~ 0.5 that of the Earth 
at the same relative altitude. 

Solar: No definite data are available to date. An average value 
of > 3 gammas may he assumed. Fluctuations of one or two orders of 
magnitude may occur depending upon solar activity. 


5-5 Radiation Properties of the Sun and Mars 
5-5-1 Solar radiation . - See paragraph 2.5-1* 

5. 5* 1*1 Visible and infrared radiation: See paragraph 2. 5*1*1* 

5. 5* 1*2 Ultraviolet and X-ray radiation: See paragraph 2.5* 1*2. 

5* 5* 1*3 Solar radiation pressure: See paragraph 2. 5* 1*5* 

5* 5* 1*4 Solar wind: See paragraph 2. 5. 1.4. 

5*5*2 Planetary radiation (refs. 12 and 20) .- The total radiation 
from Mars consists of the sum of thermal and albedo radiation from Mars 
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and decreases with the distance from the surface of Mars and position 
angle measured from the Sun-Mars line. 

^ P 

5.5.2. 1 Thermal radiation: Varies from ~ 168 watts/m at 200 km 

/ 2 4 

to ~ 5 watts /m at 2 X 10 km when measured on the Sun-Mars line . The 
spectral distribution for thermal radiation peaks near 10 microns and 
follows that of a black body at a temperature of ~ 280° K. 

The incident thermal radiation may be found from the equation: 

Q = FAI 


where: 

Q = incident thermal radiation flux 
F = view factor 

A = cross sectional area of exposed spherical surface 
I = planetary thermal radiation flux 

Befer to the table in 5* 5*2.2. 

5. 5. 2. 2 Albedo radiation: Varies from 122 vatts/m at ~ 200 km 

2 b 

to ~ 2 watts /m at 2 X 10 km under maximum conditions ( zero phase angle 
and normal to flux) . Spectral distribution of albedo radiation expected 
to approximate solar spectrum. Albedo radiation will contribute about 
4-0 percent of the total radiation from the planet upon the spacecraft 
if a planetary integrated albedo of 0.15 is taken. Ho reliable deter- 
minations of the integrated albedo of Mars are available at present. 
Therefore, values appearing in this section were based upon the assump- 
tion that the integrated albedo is approximated by the visual albedo. 

The albedo radiation is directly proportional to the planetary albedo 
as shown in the general equation for albedo radiation flux: 

Q = FASa 

where : 

Q = incident albedo radiation flux 
F = view factor 

A = cross sectional area of exposed spherical surface 
S = solar constant at the planet 
a = planetary albedo 

Befer to the following table: 
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Mars Thermal and Albedo Radiation 
Upon a Spherical Satellite 

2 

Albedo = 0.15, Solar constant = 600 watts/m , 

2 

Thermal radiation flux = 128 watts/m . 

Altitude, 

Thermal, 

Albedo, 

km 

watts /m^ 

watts /m 

200 

168 

122 

4oo 


99 

600 

120 

84 

1 000 

93 

63 

4 000 

29 

24 

8 ooo 

11 

7 

20 000 

3 

2 


5 . 5 • 2 . 3 Planetary albedo: 


Wavelength, 

microns 

Albedo 

Wavelength, 

microns 

Albedo 

0.40 

0.035 

0.80 

0 . 295 * 

*45 

. O 65 

*90 

.30* 

*50 

.O 85 

1.00 

. 295 * 

*55 

.12 

1.10 

. 28 * 

.60 

.21 

1.20 

. 27 * 

*65 

*25 

1.5 

. 255 * 

.70 

.27 

1.4 

.24* 

•73 

.29 




^'Estimated 

5-5*3 Planetary radiation belts .- No definite data are available 
to date. 


5.6 Solar Radio Noise (Ref. 10) 

Noise flux will decrease ~ 57 percent when going from Earth vicinity 
to Mars vicinity. See paragraph 2.6. 
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6.0 Mars Atmosphere and Surface Conditions 


The atmosphere of Mars is defined as the region between the surface 

level and 240 km (l0~^gm/cm^) . Uncertainties in the atmospheric data 
indicate an increase or decrease by a factor of 2 in this height is 
reasonable (e.g. ? up to 480 km or down to 100 km). 


6.1 Atmospheric Molecular Weight and Composition 
(Refs. 14, 21, and 22) 

6.1.1 Mole cular we ight . - 


Lower density 
model, 

maximum 

Mean density 
model, 

mean 

Upper density 
model, 

minimum 

35.85 

29.7 

26.8 


6.1.2 Composition of assumed models by mass percentage .- 



Upper density 
model, percent 

Mean density 
model, percent 

Lower density 
model, percent 


92.5 

84 

40 

c° 2 

7-5 

16 

60 


6.1.3 Argon . - If the abundance of argon is assumed to be propor- 
tional to the surface area of the planet, the Mars atmosphere has from 
0.6 to 6 percent argon by volume. 

6.1.4 Oxygen . - There has been no experimental evidence to indicate 
there is any free molecular oxygen on Mars. Absence of 0^ in the Mars’ 

spectra sets an upper limit of 70 cm atm for the 0^ content. If oxygen 

is present, it is probably a result of dissociation of CO^ and CO at 

high altitudes in the atmosphere of Mars. 


29 





VENUS AND MARS NOMINAL NATURAL ENVIRONMENT 


6.1.5 Water . - Water has long been suspected as being the constitu- 
ent of the polar caps. The most recent estimate is 14 ± 7 microns pre- 
cipitable water. Previous literature values have given values from 
6 microns to 550 microns vater (compared to the Earth's 100 to 1 000 mi- 
crons ) . 


6.2 Model Atmosphere Structure (Ref. 21 ) 

Three model atmospheres are presented in describing the structure 
of the Mars atmosphere. The values given are tabulated in terms of the 
particular model (upper, mean, and lower density models) and in terms of 
the maximum, mean, and minimum values for the quantities of interest. 
Thus a consistent set of quantities for any one of the three model 
atmospheres may be obtained from the tables by following the "model" 
nomenclature, while the variation in a given quantity may be obtained 
by following the headings "maximum", "mean", and "minimum". 

The parameters used for construction of these model atmospheres 
are given in paragraphs 6.1 and 6.l4. 

6.2.1 Atmospheric pressure. - 



Upper density 

Mean density 

Lower density 

Z,km 

model, 

model. 

model , 


max. , mb 

mean, mb 

min. , mb 

0 

40. 0 

25* 0 

n 0 0 

5 

32.0 

18.9 

6.51 

10 

25.2 

l4.o 

4.01 

20 

15.4 

7.0 

l.7l 

50 

9.40 

3.36 

0.241 

4 o 

5.76 

1.62 

4.94 X 10~ 2 

50 

5.5^ 

0.785 

1.02 X 10~ 2 

75 

1.06 

.130 

2.06 X 10" 4 

100 

0.324 

2.23 X 10~ 2 

4.4o X 10" 6 

150 

3.17 X 10 -2 

6.98 x io“ 4 

2.36 X 10"9 

200 

4.68 x 10 -5 

4.79 x 10’ 5 


500 

3.87 x 10“ ^ 

2.07 x 10" 6 


400 

7.56 x 10 -5 

3.04 X 10" 7 


500 

2.32 X 10“ 5 

7.91 X 10“ 8 


600 

9.32 x 10 -6 
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6.2.2 Atmospheric temperature . - 


Z, km 

Upper density 
model, 

max. , °K 

Mean density 
model, 

mean, °K 

Lower density 
model, 

min. , °K 

0 

300.0 

230.0 

200.0 

5 

281.8 

230.5 

177.2 

10 

263.6 

211.1 

154.5 

20 

260.0 

180.0 

109.0 

30 

260.0 

180.0 

100.0 

40 

260.0 

180.0 

100.0 

50 

260.0 

180.0 

100.0 

75 

260. 0 

180. 0 

100.0 

100 

260.0 

180.0 

100.0 

150 

260. 0 

180.0 

100.0 

200 

360. 0 

280. 0 

200.0 

300 

560. 0 

480.0 

400.0 

400 

760.0 

680.0 

600.0 

500 

600 

960.0 
1160. 0 

880.0 

800.0 


6.2.3 Atmospheric density .- 


Z, km 

Upper density 
model, 

: z 

max., gm/cnr 

Mean density 
model, 

mean, gm/cm^ 

Lower density 
model, 

min. , gm/cm^ 

0 

4.62 

X 

10-5 

3-57 

X 

10-5 

2.16 

X 

10-5 

5 

3-95 

X 

10-5 

2.93 

X 

10“5 

1.58 

X 

10-5 

10 

5.52 

X 

10-5 

2.37 

X 

10-5 

1.12 

X 

10“5 

20 

2.05 

X 

10-5 

1-39 

X 

10“ 5 

4.64 

X 

10- 6 

50 

1.25 

X 

10“ 5 

6.67 

X 

10- 6 

1.04 

X 

10- 6 

4o 

7.68 

X 

10“ 6 

3.22 

X 

10- 6 

2.13 

X 

10" 7 

50 

4.72 

X 

10" 6 

1.56 

X 

10- 6 

4. 40 

X 

10- 8 

75 

1.42 

X 

10- 6 

2.59 

X 

10-? 

8.89 

X 

10- 10 

100 

4.32 

X 

io- T 

4.42 

X 

10- 8 

1.90 

X 

10- 11 

150 

4.23 

X 

10" 8 

1.39 

X 

10- 9 

I.02 

X 

10- 14 

200 

4.51 

X 

10" 9 

6.11 

X 

10" 11 




300 

2.39 

X 

10- 10 

1.54 

X 

10- 12 




400 

3.54 

X 

10" 11 

1.60 

X 

10" 15 




500 

8.36 

X 

io' 12 

3-21 

X 

10^ 




600 

2.78 

X 

10- 12 








31 














VENUS AND MARS NOMINAL NATURAL ENVIRONMENT 


6.2.1* Atmospheric mean free path .- 

Lower density Mean 

Z, tan model, m 


Mean density 
model. 


max . , cm 


Coefficient of viscosity. - 


Upper density 
model, 

min. , cm 


4 

2 

X 


2. 

2 

X 

10- 4 

1 . 

8 

X 

10- 4 

5 

8 

X 

IO " 4 

2. 

,8 

X 

10- 4 

2. 

0 

X 

io- 4 

8 

2 

X 

io" 4 

3- 

4 

X 

10- 4 

2. 

4 

X 

io"‘ 4 

2 

0 

X 

io" 5 

5- 

8 

X 

10- 4 

3- 

8 

X 

io- 4 

8 

9 

X 

10-5 

1 . 

2 

X 

10"5 

6. 

5 

X 

io- 4 

4 

3 

X 

IO" 2 

2. 

3 

X 

10“ 5 

l. 

0 

X 

io-5 

2 

1 

X 

10' 1 

5- 

2 

X 

10-5 

l. 

7 

X 

io-5 

1 

0 

X 

10 1 

3- 

1 

X 

io- 2 

5. 

6 

X 

H 

O 

1 

04 

4 

9 

X 

10 2 

l. 

8 

X 

10“ 1 

1 . 

8 

X 

10" 2 

9 

0 

X 

10 ? 

5- 

8 



1 . 

9 

X 

10 - 1 





1 . 

3 

X 

10 2 

1 . 

7 







5* 

2 

X 

io 5 

3- 

3 

X 

io 1 





5. 

0 

X 

IO 4 

2. 

3 

X 

10 2 





2. 

5 

X 

10 ? 

9- 

4 

X 

10 2 









2. 

8 

X 

io 3 


km 

Upper density 
model, 

max. , Kg/jisec 

Mean density 
model, 

mean, Kg/p-sec 

Lower density 
model, 

min. , Kg/p-sec 

0 

1.90 x 10" 5 

1.54 X IO" 5 

1.09 x io" 5 

5 

1.77 X 10" 5 

1.14-1 x io " 5 

O.97 x 10 " 5 

10 

1.65 x 10" 5 

1.29 x 10" 5 

.86 x 10"5 

20 

1.62 x 10" 5 

1.11 x IO" 5 

, 6k x 10"5 

30 

1.62 x io " 5 

1.11 x 10" 5 

.60 x 10"5 

40 

1.62 X 10 " 5 

1.11 x io" 5 

.60 x io “5 

50 

1.62 x 10" 5 

1. 11 x 10 " 5 

.60 x IO" 5 

75 

1.62 x 10" 5 

1. 11 x 10" 5 

.60 x io " 5 

100 

1.62 x 10 " 5 

1.11 x 10" 5 

.60 x 10 " 5 

150 

1.62 x 10 “ 5 

1.11 x io " 5 

.60 x io " 5 

200 


1.73 x 10" 5 
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6 . 2.6 Pressure scale height . - 


Z, km 

Upper density 
model, 

max. , km 


Lower density 
model, 

min. , km 

0 


18.7 

12.4 

5 


17.3 

11.0 

10 


15.8 

9.6 

20 

20.2 

13.6 

6.8 

30 

20. b 

13.7 

6.3 

bO 

20.5 

13.7 

6.3 

50 

20.6 

13.8 

6.b 

75 

20.9 

14. 0 

6.5 

100 

21.2 

lb. 2 

6.5 

150 

21.8 

lk . 6 

6.7 

200 

31.1 

23-4 

13.9 

300 

51.1 

42 .lt 


1+00 

73-1 

63.4 


500 

97-3 

86.5 


600 

123.7 




6 . 2.7 Atmospheric speed of sound . - 


Z, km 

Upper density 
model, 

max. , m/sec 

Mean density 
model, 

mean, m/sec 


0 

347 

31 ^ 

254 

5 

336 

301 

239 

10 

325 

288 

223 

20 

323 

266 

188 

30 

323 

266 

180 

bo 

323 

266 

180 

50 

323 

266 

180 

75 

323 

266 

180 

100 

323 

266 

180 

150 

323 

266 

180 

200 

380 

331 


300 

bjb 

b^b 


1+00 

552 

316 


500 

621 

587 


600 

682 
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6.2.8 Atmospheric number density. - 
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6.2.10 Atmospheric columnar mass above a given altitude . - 


Z, km 

Upper density 
model, 

/ 2 

max. , gm/cm 

Mean density 
model, 

2 

mean, gm/cm 

Lower density 
model, 

/ 2 

min. , gm/cm 

0 

107.9 

6 1.2 

26.8 

5 

90*3 

53.6 

18.85 

10 

71. ^ 

39.6 

11-5 

15 

55.8 

28.5 

6.7 

20 

1+3.5 

19.8 

3*5 

25 

34.0 

13.6 

1.6 

30 

26.6 

9.3 

0.7 

35 

20.8 

6.4 

• 3 

40 

16.2 

4.4 

•13 

45 

12.7 

3.0 

.1 

50 

10.0 

2.1 


55 

7.9 

1.4 


60 

5.9 

1.0 


65 

4.4 

0.7 


70 

2.4 

.4 


80 

1-9 

.2 


90 

0.9 

.1 



6.2.10.1 Columnar mass for earth above a given altitude: See 

paragraph 4.2.10.1. 


6.3 Atmospheric Wind for Mars 

The maximum winds in the atmosphere will occur near the tropopause 
(where the jet axis lies). The tropopause will probably occur near 
24 km, since the isopycnic level occurs near 18 km. 

Since the meridional temperature gradient is much larger than the 
zonal (west-east) temperature gradient on Mars, according to the thermal 
wind equation the west- east winds are much stronger than the meridional 
winds (just as on the Earth). 

6.3*1 Theoretical maximum winds for Mars . - The following data 
were derived theoretically from temperatures of the surface of Mars 
using the thermal wind equation. 
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6 . 3* 1.1 Maximum magnitude of winds for Summer (Northern Hemisphere) 



Southern Hemisphere 
U, m/sec 

Northern Hemisphere 
U, m/sec 


u(o) = o a 

u(0) = 25 a 

u(o) = o a 

u(0) = 25 a 

0 

0 

25 

0 

25 

5 

10 

33 

7.5 

32.5 

10 

20 

45 

15. 

kO 

15 

30 

55 

22.5 

47-5 

20 

4o 

65 

30 

55 

24 

48 

73 

36 

61 


6 . 3 , 1. 2 Maximum magnitude of winds for Spring or Pall: 



Southern Hemisphere 
U, m/sec 

Northern 
U, m 

hemisphere 

/sec 


u(o) = o a 

U(0) = 25 a 

u(o) = o a 

U(0) = 25 a 

0 

0 


0 

25 

5 

15 


15 

40 

10 

30 


30 

55 

15 

45 


45 

70 

20 

60 


60 

85 

2b 

72 


72 ; 

97 


6 . 3 * 1*3 Maximum magnitude of winds for Winter (Northern Hemisphere) 



Southern Hemisphere 

Northern Hemisphere 1 

Z, km 

U, m/sec 

U, m 

/sec 

u(o) = o a 

U(0) = 25 a 

u(o) = o a 

u(0) = 25 a 


0 

0 

25 

0 

25 

5 

4 

29 

20 

45 

10 

8 

33 

40 

65 

15 

12 

37 

60 ; 

85 

20 

16 

4l 

80 

105 

24 

20 

^5 

96 

121 


^(0) indicates the wind value assumed at the surface. 
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6 . b Wind Shear 

These vind shear values were calculated theoretically using the 
thermal vind equation. Wind shears higher than these values can occur 
near frontal systems, squall lines, near the jet axis, or near low level 
jet streams on the night side (if they exist on Mars). The magnitude of 
the deviation is not now known. 


6 .U. 1 Summer (Northern Hemisphere ) . - 


Southern Hemisphere 

Northern Hemisphere 

du m/sec 

du m/sec 

dz* km 

dz* km 

2 

1-5 


6.b.<> Spring and Phil .- 


Southern Hemisphere 

Northern Hemisphere 

du m/sec 

du m/sec 

&z’ km 

dz* km 

3 

3 


6.b. 3 Winter (Northern Hemisphere) .- 


Southern Hemisphere 

Northern Hemisphere 

du m/sec 

du m/sec 

dz* km 

dz* km 

0.8 

1 * 


6.5 Clouds in the Atmosphere 

6.51. Yellow clouds (refs. 23, 24, and 26 ) . - Yellow clouds, which 
are visible in red, hut not in blue light, appear when the atmosphere is 
warmest and has the lowest humidity. They usually form as small areas 
and grow larger with time, sometimes obscuring the entire visible disk. 
Their size ranges from near 100 km (or just above the resolution limit) 
to approximately 3 OO 000 square miles). They usually last one or two 
nights, and are most prevalent on the morning terminator. The daylight 
occurrences seem to be due to convection in the atmosphere, since they 
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are more predominant near perihelion than near aphelion. The morning 
prevalence of these clouds may indicate the existence of high winds 
during the night. The particles composing the yellow clouds have a den- 
sity near 3 gm/cm^ and are 2 to 5 microns in size. They occur most 
frequently "below 4. 8 to 8.0 km. 

6.5.2 Blue clouds (refs. 25, 24 , 25, 26 and 27) .- Blue clouds, 
which are visible in blue, but vanish in red light, appear to be thin 
"cirrus like" clouds. Polarization measurements indicate that they may 
be composed of transparent droplets near 2 microns in diameter. Blue 
clouds are most prevalent near the morning and evening terminators, and 
also appear to have some geographical preference (e.g. , Tharsis, and 
the polar regions). They occur most frequently from 15 to 25 km, and 
may occur up to 100 km in the atmosphere. 

6 . 5.3 White clouds (refs. 23 , 24, and 28) .- White clouds are visible 
in both yellow and blue light. Experimental evidence indicates that the 
polarization of the white clouds is identical with that of ice crystals 
near 1 micron in size. They occur predominantly over the poles and cer- 
tain geographical areas. Afternoon white clouds are observed over the 
areas of Southern Tharsis, Phoenicis lacus, and Arsia Silva. They 

occur at altitudes ranging from 15 to 25 km and are most prevalent near 
aphelion. Nix Olympica and the Condor "ranges" appear to have persist- 
ent clouds of this variety nearby. 

6 . 5.4 Blue haze (refs. 23, 24, and 25).- In blue light. Mars 
usually presents a hazy appearance, such that the surface detail is not 
visible. However, near favorable oppositions, clearings in this haze 
are abserved which allow the surface features to be seen at wavelengths 
less than 4500 A. To date no satisfactory explanation has been given 
for the blue haze. Some of the more realistic theories are: 

(1) CO^ clouds 

( 2 ) water-ice clouds 

( 3 ) selective absorbance 

(4) scattering phenomenon 

The blue haze is reported to occur somewhere between 5 and 200 km. 


6.6 Micrometeroid Environment 
See paragraph 4.6. 
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6 . 7 Magnetic Field of Mars 

See paragraph 5«^- 

6.8 Atmospheric Circulation (Ref. 15) 

6.8.1 Early Fall and late Spring . - During Fall and Spring the 
atmospheric fluid ascends at the equator and descends at the poles. 

Since ang ula r momentum is conserved, the fluid near the surface spirals 
avay from the pole and the fluid near the tropopause spirals in toward 
the pole. This is known as the symmetric regime. 

6.8.2 Winter . - As Winter approaches the circulation develops 
•waves with low pressure systems "being poleward of 45° and high pressure 
being on the equator side of 45°. This results in -west winds in the 
mid-latitudes and east winds at the equator and near the pole. In the 
middle and upper troposphere west winds will be predominant for both 
the mid-latitudes and the polar regions. It is uncertain if this circu- 
lation regime breaks down into the symmetric regime late in Winter or 
continues to have these westerly waves until Spring. 

6 . 8.3 Summer. - During Summer there will be a reversed symmetric 
circulation, that later develops easterly waves. East winds will be 
predominant in the middle and upper troposphere for the middle and high 
latitudes. 


6 . 9 Ionosphere (Ref. 30) 

Peaks of the order of 10^ electrons/cm^ (or l/lO that of the 

region on Earth) are expected at altitudes near 480 km if the atmosphere 
is primarily nitrogen. There is also some indication that the ionosphere 
is multilayered with several peaks occurring in the electron concentra- 
tion (i.e., analagous to the F^ and F^ layers in the Earth’s ionosphere). 

6.10 Albedo 


See paragraph 5- 5* 2. 3* 


6.11 Surface Features, Terrain, and Composition of the Surface 
(Befs. 2k, 31 , 32 , 33 , and 34) 

To the naked eye Mars appears reddish yellow, due to two- thirds of 
the surface being covered with "desert like” areas. In a telescope 
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it is possible to see dark areas of a grayish green tint. These areas 
are called "mare" and are more prominent in the Southern Hemisphere and 
often appear to be connected by lines (which are sometimes referred to 
as "canals"). 


6.11.1 Surface features .- 

6.11.1.1 Southern Hemisphere: The darkest "mare" lie in a band 

located parallel to the equator from the equator southward to 30 ° S. 
South of this lies a band of reddish "desert" that extends to 55 °S. 

The southern polar cap extends bo 60°S at its maximum. Due to the re- 
lation of the tilt of Mars to the orbital elements , the Southern Hemis- 
phere has a long "cold" winter and a short "hot" summer. This results 
in the Southern Hemisphere having a more extensive, and faster melting 
polar cap than the northern Hemisphere. 

6.11.1.2 Northern Hemisphere: The Northern Hemisphere is predom- 

inantly desert like, with little mare being visible. No band like ap- 
pearance is visible as in the Southern Hemisphere and its polar cap is 
not as extensive (65°N). 


6.11.2 Terrain and composition of the surface . - 


6.11.2.1 Deserts: These bright areas are regions that are drier 

and at higher elevation than the mare. They have an albedo of 0. 15 to 
0.20. The possible composition of these areas may be one of the following: 


limonite, Fe^O^ X H^O 

volcanic ash 
rhyolitic felsite 

Orthoclase Feldspar 
Plagioclase Feldspar 
Quartz 

Fe rr omagne s ians 


20 to 50$ 
30 to 20$ 
35 to 25$ 
15 to 5 $ 


The particle size will probably be very small (i.e. , a clay or 
fine powder) due to the wide diurnal temperature variation. Residual 
soils will be almost nonexistent and minerals such as calcite, gypsum, 
and halite may be abundant. 


6.11.2.2 Mountains: The surface relief on Mars is generally be- 

lieved to be small, since no shadows have been observed. If mountains 
are present, they are probably no higher than 2.5 to 4,7 km. Some 
higher areas are inferred to exist by the persistence of snow in the 
Spring. They are Nix Olympica, Hellas, Argyre, and Elysium. The relief 
on a large scale is considered to be small, with the terrain being smooth 
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and rolli ng . However, local steep slopes may be encountered due to 
orogenic, tectonic, or weathering processes. 

6.11.2.3 Mare: Mare are considered to be low, humid (relatively) 

areas on Mars where erosion and weathering are speeded up when compared 
with the deserts. Their dark color and recuperative ability after being 
covered by a "dust storm" have long suggested the possibility of plant 
life being the cause. Recently the 3-4 to 3-7 micron bands of the 
hydrocarbon, carbohydrate, or aldehyde compounds were found to be in 
the spectra of the mare, but were absent in the spectra of the deserts. 
The canposition of this region could be the same as that of the deserts, 
with the exception that some residual soils may be present in limited 
extent. The composition could also be predominantly basalt. 


6.12 Surface Temperatures (Ref. 35) 
6.12.1 Winter (Northern Hemisphere) .- 


Latitude, 

deg 

Average temperature along noon meridian, 
°K 

75 S 

2 U 3 

60 

254 

45 

264 

50 

272 

15 

273 

0 

270 

15 N 

261 

50 

250 

45 

238 

oO 

227 


6.12.2 Spring (northern Hemisphere) . - 


Latitude , 
deg 

Average temperature along noon meridian, 
°K 

75 S 

225 

60 

239 

45 

251 

50 

262 

15 

270 

0 

275 

15 N 

275 

30 

272 

45 

265 

60 

255 
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6.12.3 Summer (Northern Hemisphere) .- 


Latitude, 

deg 

Average temperature along noon meridian, 
•K 

75 S 

no data 

60 

no data 

^5 

no data 

30 

no data 

15 

275 

0 

278 

15 N 

282 

30 

284 

45 

286 

60 

288 


6.12.4 Eall (Northern Hemisphere) .- 


Latitude , 
deg 

Average temperature along noon meridian, 

°K 

75 S 

240 

60 

248 

45 

249 

30 

242 

15 

235 

0 

238 

15 N 

239 

30 

231 

45 

220 

60 

no data 


6.13 Construction Parameters for the Model Atmospheres (Bef. 36) 
Other than those listed in paragraph 6.1, the parameters are: 

Acceleration of gravity, cm/sec 375 

Average radius of Mars, km 3381 


6.14 Planetary Satellites (Refs. 9, ^ 6 , and 37) 

Mars has two known satellites, Phobos and Deimos. Phobos, the 
larger of the two, has a period of rotation about one-third that of 
the period of Mars. Thus, Phobos appears to be in retrograde motion 
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as seen from the surface of Mars, though in actuality it is not (Photos 
will rise in the West and set in the East). Deimos, very nearly a 
synchronous satellite, vill rise in the East very slowly and almost 
half of its phases will he visible in one night, as seen frcm the sur- 
face of Mars. However, both satellites are small, and vill only appear 
to be bright stars, with Phobos being the brighter of the two. The 
result of searches for other moons disclosed no detectable satellites. 
However, objects less than 1 mile in diameter would not have been de- 
tected. 


Phobos . - 


Diameter, km 

16 to 20 

Mean distance from center 

of Mars, km 

9350 

Orbital inclination to equator 
of Mars, deg 

1.1 

Orbital inclination to orbit 

of Mars, deg 

27-5 

Period of revolution, 

hr: min: sec 

7: 39:13 

Eccentricity 

o . 0170 


Deimos. - 


Diameter, km 

8 to 10 

Mean distance from center 

of Mars, km 

23 400 

Orbital inclination to equator 
of Mars, deg 

0.9 to 2.7 

Orbital inclination to orbit 

of Mars, deg 

27-5 

Period of revolution, 

hr: min: sec 

30: 17: 17 

Eccentricity 

0.0031 
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